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INTRODUCTION
Diabetes mellitus is a heterogeneous group of metabolic diseases characterized by chronic hyperglycemia and metabolic disorders, with type 2 diabetes being the most common form. 1 Obesity and physical inactivity were identified early on as significant causal factors [1] [2] [3] but only recently has stress been implicated in its pathology as well. Chronic activation of the hypothalamic pituitary axis (HPA) can lead to severe metabolic consequences, common in visceral obesity and metabolic syndrome. [4] [5] [6] [7] At the same time, diabetes itself can add to the initial stress burden not only due to the actual level of glycemia but also because of the pressure incurred by lifestyle modification and the insulin injection.
Therefore, many studies have tried to assess whether stress management can have a beneficial role in the management of patients with type 2 diabetes. Regarding stress reduction, the few available studies show that cognitive behavioral therapy (CBT), 8, 9 meditation and biofeedback appear to be effective. 10, 11 In terms of improving glycemic control, results have been mixed: some have found a positive effect, [9] [10] [11] while others have not. [8] [9] [10] [11] [12] One of the most popular stress management techniques is progressive muscle relaxation (PMR), 13 which incorporates both a physical and a mental component. The knowledge of relaxation breathing (RB) is usually required for proper application. According to research data, the combination of this technique (RB-PMR) with others (biofeedback, guided imagery, CBT) has shown a beneficial effect in lowering stress levels, 8, 9, 14 though a positive metabolic action has not yet been demonstrated. 10, 12 In summary, it is clear that the literature is as yet inadequate and the results of the few available studies mixed, especially regarding the effect of this technique on glycemic control. While there is still no systematic review of randomized clinical trials that have used PMR-RB to improve glycemic control in patients with type 2 diabetes, at the same time its combination with other techniques makes it difficult to draw conclusions about its effectiveness.
The primary aim of this study is to add to the literature by investigating the effects of RB-PMR on HbA1c, perceived stress (PSS) and health locus of control (HLC subscales). Secondary endpoints include the identification of changes in stress related symptoms, saliva cortisol, a putative dose-response effect, stress predictors and factors affecting compliance.
SUBJECTS AND METHODOLOGY
This was a parallel group, randomized, controlled trial with an almost 1:1 allocation ratio of treatment or non-treatment groups and 8 weeks of follow-up. After trial commencement there were a few deviations from original protocol (e.g. exclusion criteria, patient contact frequency).
The study was conducted in cooperation with the outpatient Diabetes Clinic of Laiko General Hospital in Athens, Greece, between November 2011 and July 2012. Recruitment was performed on the same days twice per week, from November 2011 till May 2012. All participants were fully informed about the purposes of the study and provided written consent. The study had the approval of the Scientific Committee of our hospital. Meetings with patients were one-on-one and were held in a specific area ceded to the researcher after an agreement between the Diabetes and Dietetics Departments. Eligible participants were all patients diagnosed with type 2 diabetes according to the criteria of the American Diabetes Association, who lived in Athens, were aged 30-75 years and were under the conventional treatment (diet, exercise, antidiabetic drugs and insulin). Exclusion criteria included diagnosis of type 1 diabetes mellitus, current neuroleptic or psycho-stimulant medication or psychiatric treatment, the use of corticosteroids within the last month, practice of other relaxation technique(s), significant acute or chronic concomitant disease, serious diabetes complications (e.g. severe visual impairment), end-stage renal disease and amputation, poorly controlled diabetes [glycated hemoglobin A1c (HbA1c)] >8.5%, (>68mmol/mol)], pregnancy, breastfeeding and incompetence at reading or writing in Greek. After enrollment, participants who changed their type or dose of diabetes medication or insulin or experienced an objectively severe stressful event (one or more of the first five events of the Social Readjustment Rating Scale) were also excluded from the analysis to avoid bias.
After an initial screening of each patient's file information, they were contacted and informed about the study. For those patients who declined to participate, the reasons were recorded. Patients who were interested to learn more were invited to the hospital for the first meeting so as to confirm eligibility and describe study requirements. Eligible participants were randomly assigned to either the intervention or the control group. A simple randomization procedure (random numbers generated by an online generator, www.random.org) was used. Randomization, baseline and final measurements were not blinded. On the other hand, data analysis was blinded. All information (e.g. effects of stress on health, instructions for saliva cortisol sample and questionnaires) were provided in an identical verbal and written manner. When the first questionnaires had been completed, HbA1c was measured and a saliva cortisol sample was taken at the second meeting. In the treatment group, RB-PMR was provided by an audio CD comprising 10 min of DB (deep breathing) and 15 min of PMR. Practice of some exercises and explanation of the RB-PMR philosophy and health benefits followed. All patient questions were answered. Patients were encouraged to focus on the difference between stress and relaxation through different muscle groups so as to increase their perception of relaxation response. 13 In addition, they were asked to practice the technique twice a day for 8 weeks and keep a diary. When the technique was not performed, reasons were recorded. To measure and enhance compliance and eliminate dropouts, participants in the intervention group were contacted on a weekly basis. During the telephone communication, patients were asked to report on any problems when practicing RB-PMR and the principal sources of stress during the last week as well as to make general comments, all of which were recorded. No counseling was provided during the telephone communication. At the end of the intervention 8 weeks later, the final questionnaires and cortisol samples were returned and HbA1c was measured. Finally, the control group continued with the usual care of the hospital department (physician and dietitian meeting) and at the end of the intervention participants were rewarded with a relaxation CD.
Baseline and outcome measures included the following:
Sociodemographic characteristics (sex, age, marital status, educational level (years of education), place of residence (now and in the past), job schedule and self-reported financial status.
Medical history: Diabetes duration, type and dose of medication or insulin, occurrence of hyperlipidemia, hypertension or thyroid disease, other serious health problems, smoking status.
Lifestyle disease related factors: Body mass index (BMI), waist-to-hip ratio (WHR), physical activity status (type, frequency, intensity), adherence to the Mediterranean diet using the MedDietScore. 15 Stress levels: The Perceived Stress Scale is a measure of the degree to which an individual's situations in life are appraised as stressful. 16 Questions are designed in such a way that a person may evaluate how unpredictable, uncontrollable and overloaded he perceives his life to be. At the same time, there are questions that evaluate the levels of experienced stress directly. Participants were also asked about stress symptoms, both physical and psychological, through a specific list. Finally, the Social Readjustment Rating Scale (SRRS), 17 consisting of 43 life events which are considered stressful, was completed. Each event has a numerical value. As mentioned above, the scale was used as a criterion for exclusion from the statistical analysis for patients who had experienced one of the first five listed events over the past 2 months.
Health Locus of Control (HLC subscales) 18 validated in Greek. 19 Individuals express their degree of agreement to 18 proposals on a 6-grade Likert scale. The scale consists of three subscales, independent of each other. The internal subscale reflects the degree to which a person believes that he/she is responsible for his/her health. The external subscale and the luckrelated subscale represents the extent to which other people (e.g. doctors, family) or luck, respectively, are perceived as the main determinants of health. The higher the score on each subscale, the stronger the belief in that determinant.
Laboratory data: HbA1c, an indicator of metabolic control for the past 3 months, was measured with high pressure liquid chromatography (HPLC). Saliva cortisol samples were also taken to determine stress levels. The secretion of cortisol is pulsed (about 15 beats a day) and its concentration in the blood fluctuates daily. The highest level occurs 30-45 min after awakening and is noted on the curve as CAR (Cortisol Awakening Response). Subsequently, a gradual decline can be observed until the evening, this reduction rate being described as the daily slope (diurnal slope). The average daily concentration of cortisol throughout the day is described by the area under the curve (Area Under the Curve-AUC). In this study we used the shortest protocol, which requires three measurements per day and has the largest application and reliability. The measurements were made immediately after awakening, and 45 minutes and 12 hours later, respectively (e.g. 08:00, 08:45 and 20:00).
For sample size calculation, we assumed a large attrition rate of 30% by week 8 during the intervention phase, primarily due to increased daily requirements. Therefore, we had anticipated needing at baseline 74 subjects (52 after dropouts) with type 2 diabetes to detect large effect sizes (effect size of 0.8 SD) with at least 80% power (statistical significance level a=0.05, allocation ratio almost 1:1). Following enrollment, the dropout exclusion rate at the stage of analysis was 28%, yielding a final sample of 53 patients.
For the presentation of the research data, the means ± standard deviation was used for continuous variables as well as the absolute and proportion frequencies for categorical variables. For group comparisons, Student's t-test and the Mann-Whitney U-test were used, according to normality (assessed by Q-Q plots, histograms and the Kolmogorov-Smirnov or Shapiro-Wilk test), for continuous variables and the Chi-squared test for qualitative variables. Next, a modified per-protocol analysis was chosen because it contains less error compared to intention-to-treat analysis. Specifically, dropout reasons were about the same between the two groups and patients that were excluded from the analysis by the investigator reported severe stressors, which would have introduced bias.
Finally, in terms of statistical analysis, changes in HbA1c, PSS, HLC1, HLC2 and HLC3 scores were used as primary outcomes. To detect differences between groups, one-way analysis of covariance (ANCOVA) was used. All assumptions were checked. For PSS, HLC1, HLC2 and HLC3, the baseline values were used as covariates. For HbA1c, age, gender and baseline HbA1c were considered the most important covariates. PSS was not entered into the model due to moderate correlations with age (Spearman's rho=-0.294, p=0.036) and sex (Spearman's rho=0.312, p=0.026), which induces undesirable colinearity. Effect sizes were calculated for each variable using Cohen's d. Generally, the effect sizes of 0.8, 0.5 and 0.2 are considered as large, medium and small, respectively. Secondary endpoints (changes in symptoms perception, dose-response effect, factors affecting compliance with the technique, saliva cortisol levels) were addressed with simple Spearman's correlation tests and the parametric Student's t-test or non-parametric Mann-Whitney test, for numericalby-numerical and numerical-by-nominal comparisons, respectively. The level of statistical significance was 5%. Statistical analysis was performed using SPSS for Windows (version 18.0.3) statistical software (SPSS Inc., Chicago, IL).
RESULTS
The study was conducted in 53 patients with type 2 diabetes referred to the outpatients' Diabetes Clinic. The flowchart of the participants is displayed in Figure 1 . Table 1 shows the distribution of the sociodemographic, clinical and lifestyle characteristics of the participants. For categorical variables, absolute and relative frequencies (n, %) are used. For quantitative values, means or medians and standard deviations, depending on normal distribution assumption, are computed, respectively. Most of the participants were over 60, without a partner, overweight or obese, physically active, of moderate socioeconomic status, and none were current smokers. The majority took tablets rather than insulin. The mean baseline of PSS, HLC, cortisol levels and HBA1c are also presented. There were no significant baseline differences between the two study groups (p >0.05).
A significant decrease in PSS was observed in the intervention group with moderate effect size (Cohen's d=0.71, p=0.011), after controlling for baseline PSS and interaction with the group (Table 2) . After a visual graph assessment (Figure 2) , it was apparent that the higher the initial levels of perceived stress, the greater the benefit of the technique for PSS scores >16. For PSS <16, there were not sufficient subjects to detect any potential relationship and this may be the reason for the interaction. As for HbA1c, moderate reduction with medium effect size (Cohen's d=0.73, p=0.015) was observed after adjustment for age, gender, baseline HbA1c levels and age by group interaction. The interaction indicates that the mean HbA1c differences depended on patients' age. As depicted in Table 2 , the mean HbA1c change was calculated for patients of the same sex, aged 61.8 years and baseline HbA1c 6.7%. A further analysis was conducted, adding socioeconomic status as a covariate, and HbA1c reduction remained statistically significant (p=0.029) (data not shown). For HLC subscales, small non-significant differences were observed after controlling for baseline values and interactions between baseline levels and group.
Regarding secondary endpoints, a decrease in the average stress symptoms score was observed as well as in physical and psychological symptoms subscores. However, only the physical symptoms score mean change was significant ( Phys score=-3.25±6.11, p=0.023).
Next, cortisol profiles in the whole sample and in each group separately before and after the intervention were studied. At the beginning of treatment, the cortisol profile was not consistent with the normal daily variation (circadian pattern) in the whole sample and the intervention group. Post intervention, cortisol followed the familiar pattern of variation, with higher values seen in the morning and 30-45 minutes after the alarm in both groups. However, no statistically significant difference was recorded. Spearman's correlations of times of practice and primary outcomes were not significant (Spearman's rho = 0.123 for PSS, 0.085 for HbA1c, 0.194 for HLC1, 0.245 for HLC2, 0.166 for HLC3). Thus, no dose-response relationship was observed. As far as compliance with treatment is concerned, litus, occupation, smoking habits) were associated with greater levels of stress. We found that men (Spearman's rho=-0.312, p=0.026) and patients of higher socioeconomic status Spearman's rho= -0.314, p=0.025) experienced less stress in relation to women and people of lower socioeconomic level, respectively.
DISCUSSION
This randomized clinical trial was conducted to evaluate the effect of stress management through an 8-week relaxation program. Our results can be summarized as the following: RB-PMR significantly reduced perceived stress and glycosylated hemoglobin with medium effect sizes recorded (Cohen's d=0.71 and 0.67, respectively). In addition, higher baseline perceived stress was associated with greater PSS decrease. The three HLC subscales did not change significantly. Regarding stress symptoms, the physical, but not psychological, symptoms score decreased in the intervention group with moderate effect size (Cohen's d=0.66). In addition, patients with diabetes in the intervention group practiced the relaxation technique 0.8 times per day. Patients with a higher BMI and the most recent diabetes diagnosis showed better compliance with the program. However, no dose-response relationship between times of practice and primary outcomes was noted. Furthermore, female gender and low socioeconomic level were linearly associated with higher perceived stress at the beginning of the intervention. Finally, the baseline cortisol profile was blunted in the intervention group; after intervention, the cortisol profile was normal in both groups. Mean cortisol changes were not statistically significant.
Regarding the effect of RB-PMR on stress levels in patients with type 2 diabetes, there are no recent research data. However, previous studies suggest i re 2. Correlation between changes in Perceived Stress Score between the two study groups. Patients with higher baseline stress levels practicing RB-PMR for 8 weeks showed a larger reduction in PSS.
only individuals with increased BMI (Spearman's rho=0.425, p=0.035) and shorter disease duration (Spearman's rho=-0.463, p=0.034) were linearly associated with better compliance with relaxation treatment instructions.
Finally, it was examined whether certain variables (age, sex, level of education, use of insulin, diabetes history, socioeconomic level, number of children, body mass index, HbA1c, duration of diabetes mel-that this technique, when combined with biofeedback and CBT, has beneficial effects on stress and anxiety levels. [8] [9] [10] [11] [12] [13] [14] On the other hand, when provided along with guided imagery it does not seem to offer similar benefits. 12 Perceived stress reduction is likely to be mediated by the short-term effects of RB-PMR, such as a reduced perception of pain, a pleasant mental status, stimulation of the parasympathetic system or a temperature increase. 20 Long-term application has been associated with a decrease in cortisol saliva, generalized anxiety, 21 blood pressure, 21, 22 heart rate 40 and headaches. 23 As far as the benefits of the technique in glycemic control are concerned, few studies have used this technique in individual sessions. Therefore, a "side by side" comparison with our own study is difficult. In agreement with our study, Surwit et al found that PMR in combination with CBT and diabetes education during five group sessions can reduce HbA1c by 0.5% (4mmol/mol). 9 However, a previous study that used PMR and CBT during six group sessions did not find a statistically significant reduction in HbA1c. 8 In another intervention in African women with type 2 MD, PMR was found to offer benefits similar to those of physical activity. 24 Finally, some studies suggest that any benefits regarding glycemic control may not be detectable until after one year of intervention, 9 or they may be restricted to specific groups of patients (i.e. those with elevated baseline anxiety, neuroticism, etc). 12, 25 In our study we did not test this particular case.
The effect of stress on metabolic activity has been thoroughly examined. Chronic activation of the HPA axis induces the release of count regulatory hormones (glucagon, epinephrine, cortisol), which affect the metabolic actions of insulin and lead to hyperglycemia. 26, 27 Moreover, cortisol, accompanied by an energy surplus, promotes mainly visceral obesity, which contributes to insulin resistance. 27 Another mechanism implicates inflammation. Stress triggers an acute phase inflammatory response, a key component of the immune response, which is mediated by macrophages, the liver, adipose tissue, etc. and leads to cytokines overproduction (IL-1, IL-6, TNF-a). 43 Finally, stress induces ischemia of the gastrointestinal tract, leading to increased intestinal permeability and endotoxemia, which aggravates existing inflammation. 28, 29 Regarding secondary outcomes, relief of physical symptoms can selectively be attributed to the nature of the technique, which is more muscle-oriented and includes no cognitive or behavioral elements. 30 Furthermore, in agreement with other studies, female gender 31, 32 and low socioeconomic status 33 were associated with higher PSS levels at the beginning of the intervention. Finally, the initially blunt cortisol profile in the intervention group is consistent with the findings of Bruehl et al. 34 However, this condition did not last till the end of the intervention and changes in mean cortisol were not statistically significant.
It is acknowledged that this study has a number of limitations. First, our primary outcomes, PSS and HLC, were based on self-reports as opposed to clinical and/or laboratory assessments. Especially regarding PSS, there are a number of potential confounders (e.g. personality, psychopathology, beliefs, values and the current mood of the respondents) that can seriously modify the results. 35 Furthermore, most secondary outcomes, like symptoms of stress, were based on non-validated questionnaires, which can introduce information bias as they may not measure what they are created for and disregard important elements of the population for which they are designed. In addition, the intervention group generally showed greater consistency to questionnaire instructions and were more prone to improve final results (e.g. misjudge stress symptoms, perceived stress). The lack of blindness and the inability to confirm compliance aside from the diary entries should not be ignored. Another important point is the fact that the study duration was based on the technique protocol (8 weeks). However, HbA1c is commonly tracked after a 12-week interval, so it is possible that the actual HbA1c change is not entirely depicted at week 8. Finally, there are no clinically meaningful cut-offs for perceived stress and secondary outcomes, thus the extrapolation of our results to clinical practice warrants caution. For this reason, sample size calculation was based solely on detecting high effect sizes.
The generalization of our results is limited to outpatients with type 2 diabetes without acute or severe coexisting disease, who live in an urban area and follow typical diabetes treatment. There are many reasons why this group of patients was chosen. Firstly, the technique requires the use of muscle groups; there-fore, patients with limited motor activity (i.e. patients with peripheral neuropathy or vascular disease) were excluded. Secondly, only patients following a stable treatment plan were included (mean disease duration 8 years). By that time, current treatment (diet, medication) will have conferred its benefits, thus, the addition of a supplementary treatment is rational. On the other hand, patients with newly diagnosed diabetes were excluded from the study due to frequent medication or insulin adjustments.
Overall, this study provides additional evidence of the benefits of stress management for patients with type 2 diabetes on both physical and psychological levels. Further research with larger samples, longer duration and more objective outcomes are necessary to assess the utility of relaxation techniques. We deem that the implementation of simple techniques, such as RB-PMR, characterized by low cost, small time requirements and feasibility, should be considered a cost-effective, non-pharmaceutical adjunct treatment for patients with type 2 diabetes in everyday clinical practice.
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